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heating to yiclsi si;s8)e-wali««S caston mwtite. The wwixm source coiTSpfis-ina an oxygs?J'<i comp<.iy!)<j {J,-cts.'abiv i.-; .'::•! alcohol 
SSS; snd/or dher. llse eaiaiysi pwiferalilj- is a iiissis!. Tha beaiing temperatuw ts wefefsbly 5(10 to i,500*C. The siiigie-waJfed c;sfbf>fJ 
«a«0Kui.'!e.'3 thtts y icidad'cwisin no tefgts substfificsss and have satisJ^tofy <5i>a!ily witfi few defect;;. 

^ i^^Mi'Wt b < ,^ ^ n . t r^mmm t l r 5 o o - 1 5 0 0 1 t < 
O 
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m m 

MM 

urn. cnT(7)imm^<i.UimtLx^ r-9mmii. u—*rm^:ii. ikifc 

7 - ■? W'tfT^ mmmnzmc n t «'^,^.$-tr^ t-d^-e^^, z cor 
- ^ Mimmit^ xmmu < i:t«i?iWco i ^ c n r ^^fe^st ^ c & ?>*T" i ^i^j 

U -iri^^a^^i;. y 0 0 - 1 3 0 Otco«f?|10jflT-c. N i /C o;^^>:~cdM 



t.>i ^ ^ to^% L p n r . ^ . 

trz.. CVDS (Chfjfsicai Vapor Deposition : ft-^-MfeSxSS) J;?.. MMM 
tU^^mAt-^m 5 0 0 - i 2 0 Ot «^^;l«^i»^'t^^^ ^(-J; 

kZ 0 . Ml^cMiiJwW Vtzm C N T ^f#^ C i 4) SJggT-*, 

X^mCHTtm^lS^tmMLXi^^ (CiieiBjcal Physlscs Letters, 260(199 
10 6)» 471-475 ) = Z.0fsW;it^ mm^tf:^-tbXiMt^^^^f^^K±i:Mx'>Zm 

If C N T a mz!Kmm ^ ' t \- ^ -7 Xj^. ^- W L 'C !v ^ ^ , ^ M.l C N T '^^m 

;uji<~"r..;u rii6^5:^&±0riM>5v* . C V D?Sic: C N T 



wo mmsmd PCTmmm4m 

\ - 2 0 0 T 0 r r ( 0 . 0 1-2? kPa ) 1:11. t^-r>m& 5 0 0-! 5 0 Ot 
■T; l:aMi $ tt- c. t iz i D * ™ > J f- .x - 7' -^r ^{.fejc T If i ; 

10 1. ~2 0 OTo r r (0. 0 i -2 7kPa ) >6>o«5 0 0 -1 5 0 Ot 

kkx.m m ij -■ ;K > -i- / ^- :i. - 7Ta5 ^ . ^mi tr^, 

a) .R«l^(;:fem^#a;$-M-§X?i ; 

20 ia«*t^t-^M#5€;M 5 0 0 -1 5 0 0 1 t^MM $ -tl: -S 3 ^ J: 
0>&™4^>r/ri^^ 7'^&.&3c1''SX.fi ; MS 

^W»^^fmHb)©Xli{::M.ff3'-r^X?i ; t-h^lh^ z^fk^t-i^:^^. 

25 a) WSM?V<zW^WM:rh'JM\ 

c) Lfc?t. mCTlAi ^XM ; St/ 
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. i- 2 0 0 Torr(0. Q i ~~ 2 IWs ) izU^J:-) iziriXL. 'mcMm^t 
i)-^ '^tl^-). m^km^-Mm'Mt i^^f^ Vfzii - A< V t- y ^ ^ ~ 7'® 9 

IS (1) 15 9 0 cm~'#^g{-G band ;!S*^m^^:aomG band mmvt^^ 

(2) 1350 cm" CD band ) iimiC-mM^'^ I 5 S 0 cm-^fi^£D 



5 



8nm) af:>S:/frria'e^^So 

( 4 8 8 nm) ^m^^-f^-riU'e^-S* 

•ifr ( 4 8 8 run) ^/TNi'St?^.^,. 

.^^if ( 4 8 8 nm) JME^fhlc^-pM^-^fV-f-/^- 

HI H-^ . WmM 5 COM 7J "-?K > 7- y ? a - '/A - 1 I A ~ i 3 CD -7 V > 
■5>.7r.53';|?!- (4 8 Bnm) ^f^rmr-^^o 

HI 2 it. 5 --^iO-^ y ^ a. -7*A ~ 1 i —A- I 3<?5v-?> 
25 ^>7c;73'1^ ( 4 8 8 nm) ;6^<^lf/i:. - > 7 ^ a. — tr'^f 

ill 3^. mMMB(^y^mii-^>i- /"^^-"/A- 1 4 "-A- 1 6 0i:>-r>- 
(4 8 8 nm) ^^^tMr^^.^. 

6 



wo nmmia I'Cimmmm 
5 mi 6(3:. a4>#r»l:Sm (TG. DTA. DTG) i7>m77rM-r^^r-*> 
10 

m I s is . 'm^m 7 L fz mm t-t^y -t- /■ ^ ^ ~ -/© 5 v y^^^m- 

(4 8 8 nni) l^-mi'.^;Tii-^^*»^* 

itHI&i^'Si ^ ?nTg -e 45 , 
20 ^6^.. 

mzi'^. mm 1 2. ^t^m vmrnii -^«).t g^d tg 

( 4 8 8 nil) ) 

25 

^mmoMmjj-^t< y-r ^-vc/)mM7j^i(^m^im. mM^i4r^it 



20 .t:-T/i/?i{i-o-»' 1 mx*^^ hoyicm^^fl-f^ 2«{±-enjJt±t?^o 

iso-7'a/\V~yK n-7*^'y™;i'. iso--/^^ sec-?'^' /-Jl'. 

tert-'/^-' J — n--^ > ./" — i so-''< > >^ y'" il'T ..'U-J — vU^, 
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jx.f-u>., Ttf-b>. ^■■lr+/>. ^>tf'v, 4- ■■■ I- :.\ h .^t- -■->■■ 
it^m. N 0 X . so X. 7 f • b > ^tOlgf t^K^^O^S-^^-^^^fe ^ . 

'f^^.m-^tfK xo)Mim&&(^Tm^itLxit^ iim®9MfWii^^-r 

25 b G Ot . &tu<iib ^ Ot. ^^Ut Lilts b (jX:iZt^Ot^^i\ 

6 s ox:&itizt^<D&<^\.\ -^^^m^oUx^tinxHt. z<D^oizmmimx 
mm * -~'K y -f J 9 a. - r%^mt ^z,t fj<x ^ . ^ cofc«»55Ut Wixt 



■3 



t . Iff* L < 1 0 0 0 1 . .J: 0 t < 9 0 0 1 X^^:!^m^n\ tflh h . 
./jOMEii: i 5 0 or^T, nt. t < 1 0 0 Ot;OT^ ^Wt L < ^3: 9 0 0 

w^Mmt'^^z^tifx-^^^, MtoM^tc^j&^T-yxfs m^mmM.^ 

\z%mm:^w.^hh^ m.'kxz.-t^^z.th^x^^h. m§.m:^%'^^wmii'-h< 

ii©4^c< vv^li? -'^^y-f / ^ ^-y'^^mt ^ct ^'^^ t fc. 

m&T^miz ^ mt, M^t-^t^y-)-/^:^- rmm vti^^^') izmm^ ^z.t 

25 cnb#M«^fi]?FttUf. PR^f . Fe. Co. Ni. Mo. Pt. Pd. 
[Uu 1 r , Y . 1. a . C e . P N d . G cK T b . D y . ii o . E r . ^3- 
?/Lu4c-r*4„ ^^L<(d;. F e. C o. N i . Mo, P t. Pd, P^h. 
I r . St;c e , P r . N d. G d . T b . D y . Ho. E r . ,St/L u 

i 0 



^^^zt K ^ 0 , ^n^jcM * - 1< > y ^ a. - ■/cv'ij,c& m w 7j 

IS C;:^IS'li:^xTv m:TXljo . Btl < it. l^mxTKmycmf^ti^ 
» -^Ki-h hox&i>, z z. iz^=^-^'{ xtAt^ m^iz-4^t^>^^=fm-'f X 

V -t?- -■ h . ^m^/ ^ a 7 /I/ S ./ V y y - h . iSn^iti^iiT ^ 7 t X 7 x f' . 

lta#T;i/<yvy^-~ ^ni/y ^-h, |g 

i 1 



V>-.. /Yx.p^-^", -fe'Tv-f^y. 17 CI/2 ) . 1 8 9 6 ) atlas of Zeo 
S nte Structure types {W, .M. Meier, D. H. Gison, Ch. Baerlocher. &oiites, 
17(1/2), 1996)) i;mm$tx-t:i,>^m^l)'pfe^8tt«.^E1tW^^i^5fi)C 

LTL®. LTAM. F EUmr-^j^^MmtU^ 

15 :t;-^^>t / :?-^"-"'/€-'f^-6Ci{;i:^U6tlTi^^ (Cbesiica! Fliyslcs Letters 3 
03. 1 1?" 124 (1999) ) e *fc, 8 0 0 1 l:MA^?IireT-trf- 1- ><t^ri«^ 

25 2 ) ^'^^S'JjlSid-^ S 0 0 1 klT-r^m^iJ ~>t< >'-t / 'f- ^' ^ Z t , 3 ) 
fe/)x L A: * - ;K > f y ^ a - 7'(-4;i;.€^>;6^m,!i * ™ > t' / f - x ™ :/'c?ife 0 s ^ 
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wo tmmm FCmimm4(>H 

N ( 2 ) mik^ 7}l^J'y I? i- ~ h "HA' v h . ( 3 } a^"amT y' :/ V ^ 
•'-h:6n^,, T/l'5^^2.€^^L-M7.^l^S-=-7^«^'f h {mrr)^^~~^l- 

^MiSHfzr^4 V U *5!il^||tt7/I- ^; / >' U h ) ^^ij3lt"4 ^ t56^-t?t 

m^MM fj - >• -r / ^ ^ 7';d<^v/§c-e # ^ rc . #ifS t c: i: ^■ 

.3n^>CD-!f;t'^^ htj:, 7;i^S y 7;d-X7:ju-h«?).|lM5:^. 7/'i^^/'v''J 
i 3 



5 ^^t/^.. ^c(nff7.(D^mnt L-Til. iEtlX^ytS^t)'' 0 . I ~ 2 0 0 T o r r 
(0, 0 1-2 7kPa)H $?tt<(iO. 2 - 5 0 T o r r (0. 0 2-8. 7kP 
a . J;0ict^^L<m-2 OTo r r (0. i 3-2< 7Wa ) ■c\v;4><: X^) 
mi^<^t^ i - 1 0 T 0 r r ( 0 . 13-1. 3 kPa ) iTfr-^j-h, Z-Z-X:^ 

m. '--VOL, 7)1:^ ymttjt i.<mmt^zt n mMirxtmfj± 

25 HJ 'I: ;i e,^ t 'Ji c L X x ,:f ji-r-M t L Xim t ^Z.t /»T- ;t L- \ ^- 1 ■•) 

I 4 



wo mm67i> M:r/mmi4m 
a) ^iMmzmm%EMt^JM ; Rlf 

l- 2 0 0 Torr (0. 0 1 --2 ?kPa ) fr.t. >6^-':?M5 0 0- I S 0 Ot 

1- 2 0 0 T o f r ( 0 . 01-2 TkPa ) iz ^^':>«5 0 0 - 1 S 0 0 1 
"Hit 3 -5 ^: ; 0 * ~;tf > + ,/ ^ -7'«:4€f'S XIS ; 

th 1 #:c?3M.t^Wt^W»^M5 0 0- 1 5 0 Qtr^mm^-^^ctiz^ 



5 0 . 1 - g 0 0 T 0 r r ( 0 . d \ - 2 lk?& ) izfl^jio ^zWk MIBM 

m ; 

}U 3 - imX^tx. ^ ; ™;HljL™r 0 H -? 'J iJ iUXM^^ -i} ^sfe 

i 6 



B z t % :mm<Dmmm -e^ , 

4^|g^^cD»:^^'el# hnz^i: -7i( y -f- its -f- ® miz.mMJm^ 

m > t y f- ju-'/t?, -jK V:^ y ^ a. ? O %Rhj5^W:e? 

S£msSi:-?jmi?^fe^ ^ti^mi3--7Hy r / * :x ■/ . 7 ^ 7 T X 77 

wrnxmrnt^mmt. 

.:l 7;7:>?i ■r;^Wti r 13 ft: 0 -f ' ^$155? ^Xll i t ^ . 



* - > f ■ y ^'f c.. -~7''^Wia«*iO L -C I ^ it . :^ >• T 

20 ^-f^ h < , mmti-^^y-rJ ^- --7'0iifi5t^*^i#--'e* I. *r 

^ fz. '^wnxm ti ^#.fi - > r y f- 7^^, oy^^mffj^m t' ~ 

¥X^^. m.mi. &r?o>:;x.x:^io^. 

2s mm > t- ./ -f ^ -/(Dmm (md ) 

- 2 4 8 / ( R B M 0 7 -7 V V 7 h (cm"') ) 
r^*s, R 8 M ic.-:>!.->T(i:-^:i;llT.«>„ 

(Ma«8nm) %:bfzt^im^n^^ 1 5 0-- 3 0 Q cm"'M& (3 

1 8 



izmmm^'^ ^^^^ o . ^rt ©^FJ^iM t am 

lly t Tf^: D -b if « c: > # 
1 5 0 . tli t:- ^' c7)4^ nil//- ! 7 0 1 J: 0 /J^ ^ 5.^ C i , 

20 (!) 1 5 9 0 cm-^«(c G band *«Sn/A«G band 

(2) 1 3 5 0 cm" (D band ) b*™ 5® $ 1 5 9 0 c 

m - ' MigcD l^- PM^ 1 / 3 &.rr'^ ^ Z. 

■?^*^.T>|?i , m^tiz ,1; l:;i:M-^>^to--<?:R5j^ij,^c?:) P umr^ 5 ? 0 1 

1 9 



t ;K -i ./ ~r - 'f-(T h ?o t ^iz . 1^* -4? y -f- / ^ --7'® 7 0 
fi ti n< > t.J^-^--f'C^^Zt, 

48Sfii3 ) TWLfc># ! 5 O-a 0 0 cm-'0il£D®-Ae"-?^ 2 5 8 ± 5 c 
5 rn" ' (cWt ^ mi A- - 4< > J r.. - 7'^Wfi/?g1^. 

(4) mt-My-fj^-^--mmmm^pM'7'?ymmi mmm 

4S8nui ) rWtfc i- 1 & 0 ~ 3 0 0 c nV'^PO-t/^;©- v'^ b'~- 7 t 2 mi 
iz:k^i-^-}f-i?^^2 0 1 ± § cm.". 2 5 8 ± 5 c in- = ®M(C^fe^.M/J-~;iC 

633ns ) -eM Ufc i:* 1 5 0 - 3 0 0 c m ' ' cop^cogx fcf-^ 1 f 3 ± 5 c 

(B) M:d-4<>tv^a."-3^^wi:«t«^^>m« mmm& 

833m ) t i 5 0 -3 0 0 c rn- '©r^MXt^" ^? ^' 2 B D ± 5 c 

mmco If -~- ? 5 0 0 t^±-^<fe^o C d t?. ^ il-MlC T G / D T 
- ^ u Dl \ jO^n I ^ M 

^CA r/^ - "^an^tmM^^mr^ 

r n-V^xt b rtiT^^rls' ^/=:o ^ i b t.- s.. liS^fi: TG) . if^m 



)i 7 T ^ ~ > £?.)^f fc^>psii?. 5 0 0 1 e> 6 0 0 1 '^fmM.u<Hm 

-■/■"cDii.Jcig i: t<i 5 0 0 1 - 7 0 0 1 oMMU^Pmr-h ^S, 

* y i- J -y- -fmjtmKmmit. / ^ --^ --mm t ^i- 
i^m ^ ^s-m t fi^. h 6 /I . * > y ^ - "/^■^m«4'coi^,^ 

20 ii. m5^i-T £ D ■ h n - ji t ^at ^ 0 . mSi t'- r? {ll.a^,>^\ 5 4 (5 1 l-^Lh 
5 h Qtm-oyhO}^ 5 6 Ota±cD^>c^)> 5 ? Otfel^icD^CD. 5 8 



M488 Tia) '^mMhfzt^. 15 9 0 ctn-'HSi::G band ^i^^^ni^CKiS 
G band ■h^'yMl'''C\.^^Z.timMr^ib^^, C,®5■>^i(iXll<'/)>^^•v^>t'~'K>■T 

10 ?1, G band ;c:^»^-S,mii^J--4?Vi^/^--»---7'=gr|fl^c: fc^>'T'^-.|.„ 
>ji#J8S ns) xmMUzk.^. i 0 5 Ocrn"' (D band ) 
1 3 5 0 cm"^ tD band ) f^msD if-^^W^^^ 1 5 9 0 c m-^#i£0fcr~ ^?J^ 

'f-mmm^t-m'^'^ymm'^ m&mcm m) x^muzt-^. 1 5 0 

~3 0 0 cm~'0»l-Ab*--5^>S:2 5 8 ± 5 c m~Mc:#r-SM®^~-~n<>t y 

25 (ijEMSoBSnsri ) T'M^Lfc^#> 1 5 0- 3 0 0 cm"'CDral0#;^fc.'~~^'^ 
I 9 3 ± 5 cm-'X^i2 8 0 ±5 cm-'5cWr^i|lli*"n^>r/f-.x--7'-tW 

^^•^ 4 8 8 nffiTi^^ L ^ (3 . R B -e 2 5 8 ± 5 c m- * i?) fc: ~~ P ij 

2 I 



wo mmmn 



pcummnm 



1^-|4^ki:'c;'^^?M^r^/<-f x^^. ifyMMU. -^W^MMn. #ffilSr&l^f4^ 
.1 c ^<X-^ 



W0 m/im(i76 F€Tiwmm4m 

mm I 

10 j:b-li4 0 0 ) ) 191 g. S« (Fe ( (GH, COO) t Fe) ^tJMr^ 
/<;i'h ( (CH3 COO) 3 Co ' 4H, 0) mmVtz, 

Mt/K,: mWP3tfrilW (6 0 Ot. 6 5 Ot.. 7 0 Ot, 8 0 Ot. 9 

- ! 0 T o r r ( 0 . 6 7 i . 3 kPa ) T'^ 0 . :^^jJ<>:/Iv. J; tr 1 0 0 

25 #f>Hfc^A- l -A--5^^-^>^jr5>tr (WM^Bi4 8 8nm) . SE 



mm 




■(t) 


WCNT 


(nm) 


?^:p633nf ) ft 
(cs"') 


Fe/Co 




6 0 0 


A- I 


5 


• 8 


Fe/Co 




6 5 0 


A- 2 


0 . 9 ? 


2 8 3 


Fe/Co 




? 0 0 


A- 3 


0 , 9 9 


2 8 3 


F e/C 0 




8 0 0 


A -4 


1 . 0 & 


I 8 3 






9 0 0 


A- 5 


1,14 





> / ^ -7'«* ™4< > t- y s 5 %i^^.±«® * - ^' > / ^ 

- T :> V"^ < €) ^ ;6-'b^;-^ ^ . -is k> IZ , ii 4 J^(M 5 tJ;^ v Xlf^ 

f-tiht>^ 1 5 9 0 cm""'f>tiixicG band ^-'^^^tifccl 0 OtRt 

■^com^-^^MG band ti^-^mLXV^-^^Z t ; 15 0-30 Ocm 'izmmiJ- 

--y ;RBM rradiai breathing woik ) t'WB^h7zZ.t : MfiZt^yf;Mo)m 
25 ^ b ~ > T /' f- a -■-/(c:>f 7 € 7 T 7,^Jfi!:i}5l?:fO t"-- 7 ] 3 5 0 c 
TV. - n;) band ) mm^nU^^^-^Ximm-^nx h^o^h'-^ ^^^.'^-'^ tt< 

2 s 



mt. 1 6 2tr*^r>fc (IIS), 
vr.;'-, -trV -//^A-4 €% 4 8 8 nm^ 5 1 4 m, 6 3 3 nmi?3®,i]&K 

19 3 + 5 cm--i::WLt:^>^u:t*'bs^^. 



MM 




(t ) 






Fe/Co 






A — 6 




F e/Co 






A - 7 


0 . 9 7 


F 8/Co 




8 0 0 


A- 8 


! . 1. 8 



mmm s 



wo (mm(m 



^3 



i mm 1 mmm 




f SCNT 




1 I 


(t ) 




( nm) 


1 N i /Co 1 


8 0 0 


A- 9 


0.9 9 



mm A: 



15 











c N r 


mm 

(nm) 


F e / C 0 


Mgo 




B 0 0 


A~~ 1 0 


0 . 9 9 



;l;fj-4ry^y^--~»-™7'A- I i mS-k.-l ZtWz, El. M-o--^^ >-/- ./ 
^0.-7* A- 1 I ^-a-v J^^^ 1 T 0 r r ( 0 . 0 1 3kPa ) . » 

l:r> 0 s ccmfcU A" 1 3«^s x^7™«=gr1 3Tor r (K 7kP 

a ) . i 8 4 0 s c cmtt/c. cnf>®liS#f*i:^^;^ ISt^fl/iiMS 

f-.^-7'A"' 1 2(3;. «f^i i •rKO»:^^~*'>-:^vf-.x----/A -- 4 i;:ffl;^rra. 

ilfc. W;^-4<>:IV5'.a"-7'A- 1 1 -A™ 1 3 CD^ v >f;'>:}t>H'TOll^^' 



wo »3.'06867£. 



«5 







;±7J 
CForr) 


(scctfi) 


(t) 


#1 
CNT 


mil 
(nes) 


Fe/Co 




i 


6 0 


8 0 0 


A-ll 


1 . Q 5 






6 


:i 0 0 


8 0 0 




1 » 0 5 


1-^ v.- (• ■. 




1 3 


18 4 0 


8 0 0 


A -13 


0 ? S 



-^3. EiJa®IEjJi'UtlS6<Jiii'v^ii^\ 1 3 To r r ( 1 . 7 kPa) X 

mmm e 

25 ftO{^i?^-f ^t'X-T^utffiv^ vx^;i/x-^il'«D.l±.tJ*' 2 0 To r r (2. 

2 S 



«6 



mm 




(t) 




(nrn) 






■7 0 0 


A-- I -1 


0 . 9 3 


C 0 




8 0 0 


A 1 0 


0 


Co 




9 0 0 


1 6 


1, 1)2 



10 ^ rm ^ct h^x' § fz, t fz. mm t -^.^ t ^ t e m ( s b m ) it (i§ t . m 1 

-113 ip^coit) ^&i^^4£<#^u:iiM^)(iv^i|iHA--Ji^>-^-y T•:..-- 
15 ^;ffli^^ 1 ^^Piilf 8 0 0 1: a: t . x ^ / 1 0 T o r r 
(1, 3kPa ) fctT, iSM^^ (105?, 305t. 60^, m^, 3D0^) i« 
x./;:mm3;. ^Ml Hp-fc>«*"7K>-t /^J^^- 
^/A- I ? -A - 2 i ^Iffe. mM's?iESil>m€'a8 ic:;f>'n A- I T i:A 

20 a? 





A-1 


A -2 


A -3 


A"4 


A 5 


A -6 


A-tI A --8 




a 33 


0. 12 


0. 


0.04 


0. 03 


0. 29 


0. 08 


O.OS 


F= 1 


2S7 


257 


257 


257 


201 


257 


257 


201 


P 2 


342 


ZA2 


242 


201 


257 


242 


242 


257 



A -9 
0. 0? 


A-il 
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